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lia burgdorferi (B. burgdorferi) outer surface proteins (Osp)
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method 1s particularly suited for use with horses and dogs.
Isolated or recombinant B. burgdorferi antigens and compo-
sitions that contain them are also provided.
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1

METHODS FOR DIAGNOSING LYME
DISEASLE

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application claims priority to U.S. Provisional Patent
Application No. 61/386,694, filed on Sep. 27, 2010, the dis-

closure of which 1s incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates generally to diagnosis of
Lyme disease, and more particularly to determining various
stages of Lyme disease 1n mammals, such as equines and
canines.

BACKGROUND OF THE INVENTION

Lyme disease 1s caused by infection with spirochetes of the
Borrelia burgdorferi sensu lato group. It 1s a zoonotic disease
aifecting humans, dogs, horses and other mammalian species.
The bacteria are transmitted to the mammalian hosts by
infected ticks (Ixodes spp.). Lyme disease 1s the most com-
mon vector-borne disease 1n the United States, Europe and
Asia. In Europe and Asia the disease 1s commonly caused by
B. garinii and B. afzelii, while 1n the United States B. burg-
dorferi sensu stricto strains are present. In current methods
for diagnosis of Lyme disease, serum antibodies to whole B.
burgdorferi lysates or to individual antigens of the spirochete
are commonly analyzed to identily dogs and horses that were
exposed to the pathogen and are at risk of developing disease.
In dogs and horses, the detection of serum antibodies to B.
burgdorferi can be performed by ELISA followed by Western
blotting (WB), which 1s an inadequate procedure that 1s nev-
ertheless still considered the gold standard for human Lyme
disease diagnostics. While certain tests are available (such as
snap tests for detecting the invariable domain IR6 of the
variable surface antigen VIsE of B. burgdorferi for dogs and
horses), they lack a desirable level of sensitivity and cannot
distinguish between various stages of the disease. Thus, there
1s an ongoing and unmet need for improved methods for
diagnosing Lyme disease in mammals, including but not nec-

essarily limited to horses and dogs. The present invention
meets these and other needs.

SUMMARY OF THE INVENTION

The present invention provides a method for diagnosing
Lyme disease status in a mammal. The method comprises, 1n
a biological sample obtained or derived from the mammal,
determining presence or absence ol antibodies to Borrelia
burgdorferi (B. burgdorferi) outer surface proteins (Osp)
OspA, OspC, and OspF, and based on the presence or absence
of the antibodies, 1dentifying the mammal as infected or not
infected with B. burgdorferi. The method includes determin-
ing whether or not the animal has been vaccinated against B.
burgdorferi. The method permits discriminating between
various stages ol Lyme disease, 1.e., early, intermediate or
chronic B. burgdorferi infection, based on the determining
the presence or the absence of the antibodies. In one embodi-
ment, the mammal 1s 1dentified as not infected with B. burg-
dorferi by determining an absence of the antibodies to the
OspA, OspC and OspF antigens. In one embodiment, the only
antibodies to B. burgdorferi antigens determined in the
method are antibodies to B. burgdorferi Osp A, Osp C, and
Osp L.

10

15

20

25

30

35

40

45

50

55

60

65

2

The method 1s suitable for determining the presence or the
absence of the antibodies using any suitable system or device.

In various embodiments, the antibodies are determined using
a lateral tlow device or a fluorescent bead-based multiplex
assay.

The mvention included determining a test level of antibod-
1es to B. burgdorferi Osp A, Osp C, and Osp F, and based upon
a comparison of the test level of the Osp A, Osp C, and Osp F
antibodies to the reference, identifying the mammal as vac-
cinated against B. burgdorferi and/or as having an early, inter-
mediate or chronic B. burgdorferi infection. In one embodi-
ment, the reference 1s a range of values for median
fluorescence intensities.

In a specific aspect of the invention, the method comprises:

1) 1dentifying the mammal as vaccinated against but not
infected by B. burgdorferi based on determining antibodies to
OspA and an absence of antibodies to OspC or OspF;

11) identilying the mammal as having an early B. burgdor-

feriinfection based on determining antibodies to OspC and an
absence of antibodies to Osp A and OspF;

111) 1dentitying the mammal as having chronic B. burgdor-

feriintection based on determining antibodies to OspF and an
absence of antibodies to OspA and OspC;

1v) 1dentifying the mammal as vaccinated against and hav-
ing an early B. burgdorferi infection based on determining
antibodies to Osp A and OspC and an absence of antibodies to
Ospk;

v) 1dentifying the mammal as vaccinated against and hav-
ing a chronic B. burgdorferi infection based on determining
antibodies to OspA and OspF and an absence of antibodies to
OspC;

v1) 1dentilying the mammal as having an intermediate B.
burgdorferi infection based on determining antibodies to
OspC and OspF and an absence of antibodies to OspA; or

vil) 1dentifying the mammal as having been vaccinated
against and having an intermediate B. burgdorferi infection
based on determining the presence of antibodies to OspC,
OspF and OspA.

Compositions and kits comprising novel 1solated protein
comprising B. burgdorferi proteins and 1solated nucleic acids
encoding them are also included.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1: Purified recombinant B. burgdorferi OspA (A),
OspC (B) and OspF (C) proteins and their detection using sera
from vaccinated or infected dogs by immunoblotting. Leit
panels: The recombinant proteins were separated by 15%
SDS-PAGE under reducing conditions and stained with Coo-
massie Brilliant Blue (1=molecular weight marker; 2=puri-
fied recombinant B. burgdorferi protein). Right panels: The
proteins were then transferred to polyvinylidene fluoride
(PVDF) membranes by WB and were incubated with canine
sera that were pretested 1n a conventional, whole B. burgdor-
feri cell lysate WB (3=positive serum; 4=negative serum).

FIG. 2: Correlation of singleplex (single bead analysis) and
multiplex assay results for the analysis of serum antibodies to
B. burgdorferi OspA, OspC and OspF antigens. A total of 79
canine sera were used for the comparison. The data were
color-coded according to the negative (white circles), equivo-
cal (grey circles) and positive (black circles) interpretation
ranges determined 1n Table 3. Spearman rank correlations
were calculated for each of the antigens. MFI=median fluo-
rescent 1ntersity.

FIG. 3: Conventional WB for detection of antibodies to 5.
burgdorferi 1n camne serum. A whole B. burgdorferi cell
lysate was separated on a 12% SDS gel under reducing con-
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ditions. The proteins were transierred by WB. The blot mem-
brane was blocked with 5% milk and then incubated with
different canine sera. A secondary peroxidase conjugated
anti-canine immunoglobulin antibody was used for detection
followed by a chromogenic substrate. Lane 1=molecular
welght marker; lane 2=serum from an infected dog; lane
3=serum from a vaccinated dog; lane 4=negative canine
serum. The slim arrows point to proteins indicative for infec-
tionof 22,28, 29, 30 and 39 kDa, respectively. The bold arrow
shows the 31 kDa protein confirming vaccination of the dog.

FI1G. 4: Comparison of WB results (whole bacterial lysate)
and multiplex analysis for B. burgdorferi OspA, OspC and
OspF antigens. A total of 188 canine sera were tested by WB
and were grouped as WB negative (neg) or WB positive (pos)
for each antigen. The multiplex assay results for the WB neg
and WB pos groups were compared using Mann-Whitney
tests. MFI=median fluorescent intensity.

FIG. 5: Recewver operating curves (ROC) for detection of
serum antibodies to B. burgdorferi OspA, OspC and OspF
antigens by multiplex assay. The multiplex assay results were
compared for each antigen to the presence or absence of
serum antibodies to the corresponding B. burgdorferi protein
detected by WB. Results from 188 canine serum samples
were compared for each ROC curve. The areas under the

curves (bold lines) are 0.93 for OspA, 0.82 for OspC and 0.89
tor OspF. The dotted curves show the 95% confidence 1nter-
vals. (Arrow shows bold line; 2 lines bracketing the bold
line=*dotted’ lines.)

FIG. 6: Analysis of antibodies 1n equine serum for detec-
tion of B. burgdorferi proteins by Western blotting. A whole
cell lysate ol B. burgdorferi was separated by SDS-PAGE and
proteins were transierred to nitrocellulose membranes by
Western blotting. Lane (1) shows the molecular weight
marker. The remaining lanes were stained with (2) serum
from a horses infected with B. burgdorferi, (3) serum from a
non-infected horse, or (4) serum from a horse that was vac-
cinated against Lyme disease. The sera from infected and
vaccinated horses show characteristic detection pattern. Anti-

bodies to OspC, OspF and also the 28, 30 and 39 kDa antigens
are 1ndicators of infection, while OspA 1s considered to be a
marker for vaccinated horses.

FI1G. 7. Comparison of singleplex and multiplex results for
antibodies to the Osp A, OspC and OspF antigens of B. burg-
dorferi detected 1n 81 equine serum samples. Multiplex assay
results are expressed as median fluorescence intensities
(MFI). Spearman rank correlations (r,,) were calculated for
cach of the comparisons.

FIG. 8: Western blot (WB) and multiplex results (MFET) for
antibodies to the Osp A, OspC and OspF antigens of B. burg-
dorferi were compared 1n 562 equine serum samples. A clear
increase 1n MFI values was observed for all three bead-based
assays by using WB positive sera compared to WB negative
samples indicated by p-values of <0.0001.

FIG. 9: Illustration of a one embodiment of a multiplex
assay lfor detection of antibodies to B. burgdorferi. (1)
Recombinant B. burgdorferi Osp A, OspC and OspF antigens
are coupled to fluorescent beads. (2) Samples (e.g. serum,
CSF or other body fluids) are incubated with all three fluo-
rescent beads simultaneously. (3) A biotinylated anti-species
specific immunoglobulin antibody 1s added to the assay. (4)
Streptavidin-phycoerythrin 1s added as a reporter dye. The
assay 1s then measured 1n a multiplex analyzer that detects the
fluorescent bead code and the reporter dye for each individual
bead assay.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method for diagnosing
Lyme disease status 1n a mammal. In general, the method
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comprises, 1n a biological sample obtained or derived from a
mammal, determining antibodies to Borrelia burgdorferi (B.
burgdorferi) outer surface proteins (Osp) OspA, OspC, and
OspF. Based upon determining the Osp A, OspC, and OspF
antibodies, the mammal can be diagnosed as infected or not
infected with B. burgdorferi. In various embodiments, the
method provides for identifying a mammal as having been
vaccinated against B. burgdorferi and/or as having an early,
intermediate or chronic B. burgdorferi infection. The mven-
tion also provides compositions comprising novel 1solated B.
burgdorferi proteins and fragments thereof.

Lyme disease “status” as used herein refers to a mammal’s
antibody profile 1n respect of antibodies that specifically rec-
ognize B. burgdorferi OspA, OspC, and OspF. Determining
Lyme disease status can include a determination that the

mammal falls imnto one of the following categories: 1) vacci-
nated against but not infected by B. burgdorferi; 11) having an
carly B. burgdorferi infection; 111) having chronic B. burgdor-

feri infection; 1v) vaccinated against and having an early B.

burgdorferi iniection; v) vaccinated against and having a
chronic B. burgdorferi infection; vi) having an intermediate
B. burgdorferi intection; vi1) having been vaccinated against
and having an mtermediate B. burgdorferi infection; or vii)
not having been vaccinated against B. burgdorferi and not
having a B. burgdorferi infection. As used herein, “early”
infection means an infection that 1s 2 to 6 weeks old. A
“chronic” or “late” infection means an infection that 1s 5
months or longer. An intermediate infection 1s an infection
that 1s from 6 weeks to 5 months old.

The method of the mvention 1s useful for determining

Lyme disease status in any mammal. In particular embodi-
ments, the mammal 1s a human, an equine, a canine or a
human. Equines include members of the taxonomical family
Equidae. In certain embodiments, the equine diagnosed
according to the invention 1s a horse. Canines include mem-
bers of the taxonomical family Canidae. In certain embodi-
ments, the canine diagnosed according to the ivention 1s a
dog, such as a domesticated dog.

The biological sample tested 1n the method can be any
biological sample that would be expected to contain antibod-
1ies. The biological sample 1s preferably a biological liquid. In
various embodiments, the biological sample comprises
blood, serum, or cerebral spinal fluid (CSF). The biological
sample can be obtained from the mammal using any suitable
technique and can be used directly 1n determining the pres-
ence or absence of the antibodies. Alternatively, the sample
can be derived from the biological sample by subjecting it to
a processing step, such as a processing step performed to
1solate or purity blood, serum, CSF, or components of any
such biological liquids.

In general, Lyme disease status can be ascertained accord-
ing to the invention using the matrix set forthin Table 1, where
“+” means a presence ol antibodies that specifically recog-
nize the indicated Osp antigen and “-” means an absence of
such antibodies.

TABLE 1
Osp A OspC  Ospk Lyme Disease Status
S Vaccinated
- e - Infection - Early (2-3 weeks)
- - SRS Infection - Chronic
SR S - Infection - Early & Vaccinated
ek - Sk Infection - Chronic & Vaccinated
- A e Infection - Intermediate
e SRl tap Infection - Intermediate & Vaccinated
- - Infection - None & Not Vaccinated
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The matrix set forth in Table 1 was generated from testing,
and validating numerous biological samples obtained from a
multitude of horses and dogs as will be more fully appreciated
from the description and Examples below.

Table 1 1llustrates a summary of data that highlight several
non-limiting useful aspects of the invention. For example, 1t 1s
clear from Table 1 that the presence or absence of antibodies
to each of OspA, OspC and OspF 1s important to provide a
definitive assessment of Lyme disease status. It particular it 1s
clear that determining antibodies to Osp A alone can provide
a false positive for B. burgdorferiv infection, and can also
provide a false negative result for early and chronic infec-
tions. Likewise, determining only an absence of antibodies to
OspA and an absence of antibodies to OspC can yield a false
negative result for chronic infection. Further, a defimtive
diagnoses of not having been infected and not having been
vaccinated can be made by determining an absence of anti-
bodies to each of Osp A, OspC, and OspF, without having to
determine any other antibody or indicator of B. burgdorferi
infection. Thus, the recognition that determining the status of
antibodies directed to all three OspA, OspC, and OspF anti-
gens 1s an important feature of the imvention and provides an
unexpected benefit over previously available tests. In this
regard, the invention can be practiced by determining anti-
bodies to OspA, OspC, and OspF only, and therefore not
determining antibodies to any other B. burgdorferi antigen. In
one embodiment of the invention, antibodies to a BBK?32
protein are not determined. BBK32 protein 1s described in
U.S. patent publication no. 20060034862, from which the
description of BBK32 proteins and the description of anti-
bodies directed to such proteins 1s incorporated herein by
reference.

In one embodiment, the method provides for diagnosis of
Lyme disease status 1n a mammal by determining the pres-
ence or absence of antibodies specific for Osp A, Osp C, and
Osp F, comprising: 1) identifying the mammal as vaccinated
against but not infected by B. burgdorferi based on determin-
ing antibodies to Osp A and an absence of antibodies to OspC
or OspF; 11) 1dentitying the mammal as having an early B.
burgdorferi 1nfection based on determining antibodies to
OspC and an absence of antibodies to OspA and OspF; 111)
identifying the mammal as having chronic B. burgdorferi
infection based on determining antibodies to OspF and an
absence of antibodies to Osp A and Osp(C; 1v) identiiying the
mammal as vaccinated against and having an early B. burg-
dorferi infection based on determining antibodies to OspA
and OspC and an absence of antibodies to OspF; v) 1identitfy-
ing the mammal as vaccinated against and having a chronic B.
burgdorferi infection based on determining antibodies to
OspA and OspF and an absence of antibodies to OspC; v1)
identifying the mammal as having an intermediate B. burg-
dorferi infection based on determining antibodies to OspC
and OspF and an absence of antibodies to OspA; vi1) 1dent-
tying the mammal as having been vaccinated against and
having an intermediate B. burgdorferi infection based on
determining the presence of antibodies to OspC, OspF and
OspA; or vin) identifying the mammal as not having been
vaccinated against B. burgdorferi and not having a B. burg-
dorferi infection based on an absence of antibodies to OspC,
OspF and OspA.

In various aspects of the mvention, the OspA, OspC, and
OspF antibodies can be considered test antibodies. In order to
determine Lyme diseases status, the levels of test antibodies
determined from a biological sample obtained or derived
from a mammal can be compared to a reference.

In one embodiment, the mvention provides a method for
diagnosing Lyme disease status in a mammal comprising, 1n
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a biological sample obtained or derived from the mammal,
determining a test level of antibodies to B. burgdorferi Osp A,
OspC, and OspF, and based upon a comparison of the test
level of the Osp A, OspC, and OspF antibodies to a reference,
identifving the mammal as vaccinated against B. burgdorferi
and/or as having an early, intermediate or chronic B. burg-

dorferi 1nfection.

In one embodiment, the reference 1s used to determine the
presence or absence of antibodies 1n the test sample. A refer-
ence can also be used for obtaining an estimate of the level of
test antibodies. The reference can be established 1n parallel
with the test sample, can be pre-established or established at
a later time.

Generally, reference values are obtained by using different
but known quantities of the variable of interest (1.e., antibod-
1ies and/or antigens, as the case may be) and can be obtained
by methods known to those of ordinary skill 1n the art. The
reference can be a single value or a range of values. For
example, a reference can be a standardized curve or an area on
a graph. In a particular embodiment, a reference can be
obtained using a known antigen to which antibodies 1n the
sample would be expected to recogmize. The antigen 1s pred-
erably the antigen which will be used for determining anti-
bodies 1n a test sample. By exposing one or more levels of the
antigen to one or more levels of antibodies expected to be 1n
the sample, a reference single value, a range of values, a
graph, etc. can be established.

In one embodiment, the reference can comprise a positive
control. In one embodiment, the positive control 1s located on
or 1 the same platform as used for the test sample. For
example, the positive control can be present on a lateral flow
device on which one or more distinct antigens at distinct
locations and/or levels are also placed. This configuration
provides for a signal from the control reference under test
conditions 1rrespective of whether test antibodies are present
or absent 1n the sample that 1s analyzed, and can provide a
confirmation that the test 1s working properly. The positive
control can, for example, produce a signal that 1s perceptible
by a human or machine.

In various aspects of the imnvention, the test antibodies can
be compared to a reference to provide a qualitative or quan-
titative determination of the level of test antibodies to the B.
burgdorferi antigens. In either case, by comparison to the
reference, the level of test antibodies can be characterized as
having been present 1n, or absent from, the sample that 1s
analyzed 1n the method of the invention.

A reference can also be configured such that 1t will not
generate a signal or such that any signal generated from 1t will
beregarded as background signal. Typically, this 1s referred to
as a negative control and contains all reaction components
except the specific antigen to which the test antibodies are
expected to bind. Alternatively, the negative control can also
contain a non-specific protein or antigen—such as bovine
serum albumain or the like.

In certain embodiments, the level of test antibodies 1s com-
pared to a reference that comprises one or more ranges of
values. In certain non-limiting embodiments, a level of test
antibodies that falls into a first reference value range signifies
a high level of test antibodies that 1s informative as to the
Lyme disease status of the mammal. A level of test antibodies
that falls into a second reference value range signifies a low
level (which can 1include an undetectable level or a complete
absence) of the test antibodies which 1s also informative as to
the Lyme disease status of the mammal. A level of test anti-
bodies that falls into a third reference value range can signify
a need for additional testing to be performed.
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References comprised of a range of values can be gener-
ated by, for example, determining an average level of anti-
bodies from groups of mammals with confirmed early,
chronic or mtermediate B. burgdorferi infection, or con-
firmed to not have B. burgdorferi infection, and/or confirmed
to have not been vaccinated against B. burgdorferi iniection.

Any suitable technique, device, system and/or reagents can
be used to detect the OspA, OspC, and OspF B. burgdorferi
antibodies, and/or combinations thereof. In general, the
method of detecting the antibodies involves using OspA,
OspC, and OspF proteins or fragments thereof 1n physical
association with a solid matrix. The fragments of the proteins
are those which would be expected to be recognized by anti-
bodies produced 1n a mammal by vaccination against or infec-
tion with B. burgdorferi. The amino acid composition of such
fragments can be 1dentified using ordinary skill in the art. The
proteins and/or the fragments may be obtained, 1solated or
derived from B. burgdorferi, or they may be produced recom-
binantly using any of a wide variety of conventional methods.
The solid matrix to which the OspA, OspC, and OspF B.
burgdorferi proteins or fragments thereol are in physical
association can be any suitable solid matrix. The solid matrix
can be present 1n and/or be a part of a multi-well assay plate,
beads, such as fluorescently labeled beads, microspheres, a
filter material, a lateral tflow device or strip, or any other form
or format that 1s suitable for keeping the proteins in a position
whereby antibodies present 1n or otherwise derived from a
biological sample obtained from a mammal can be captured
and be detected. The proteins may be covalently or non-
covalently associated with the solid matrix.

In one embodiment, the OspA protein comprises the
sequence of SEQ ID NO:1: MKKYLLGIGLILALIACKQN-
VSSLDEKNSVSVDLPGEMKV-
LVSKEKNKDGKYDLIAT VDKLELKGTSDKNNGSGYV-
LEGVKADKSKVKLTISDDLGQTTLEVFKEDGKTLV-
SKK VTSKDKSSTEEKFNEKGEVSEKII-
TRADGTRLEYTGIKSDGSGKAKEVLKGYVLEGTL
TAEKTTLVVKEGTVTLSKNISKSGEV-
LVELNDTDSSAATKKTAAWNSGTSTLTITVN  SKKT-
KDLVFTKENTITVQQYDSNGTKLEG-
SAVEITKLDEIKNALK, or a fragment thereof.

In one embodiment, the OspC protein comprises the
sequence of SEQ ID NO:2: MKKNTLSAILMTLFLFIS-
CNNSGKDGNTSANSADESVKGPN-
LTEISKKITDSNAVLLA VKEVEALLSSIDELAKAIGK-
KIKNDGSLDNEANRNESLLAGAYTISTLITQKLSKL-
NGS EGLKEKIAAAKKCSEEFSTKLKDN-
HAQLGIQGVTDENAKKAILKANAAGKDKGVEE
LEKLSGSLESLSKAAKEMLANS-
VKELTSPVVAESPKKEP, or a fragment thereof.
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In one embodiment, the OspF protein comprises the
sequence of SEQ ID NO:3: MNKKMFIICAVFALIISCKN-

YATSKDLEGAVQDLESSEQNVKKTE-

QFEIKKQVEGFLEI LETKDLNKLDTKEIEKRIQELK.
IEKLDSKKTSIETYSEYEEKLKQIKEKLKGKADLE
DKLKGLEDSLKKKKEERKKALEDAKKK-
FEEFKGQVGSATGVTTGHRAGNQGSIGA
CANSLGLGVSYSSSTGTDSNELANKVID-
DSIKKIDEELKNTIENNGEVKKE, or a fragment thereof.

The amino acid sequences of the Osp proteins used in the
assays described in the Examples presented herein are novel.
In particular, Table 2 A sets forth differences from previously
published B. burgdorferi Genbank sequences.

K-
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TABLE 2A
Degree of homology with previously existing 5. burgdorferi
Genbank sequences
20 OspA OspC OspF

25

30

35

Plasmid whole
sequence

OspA/pRSET-1 OspC/pCR4-2  OspEF/pCR4-5

Size (bp/aa) 822bp/273aa 636bp/211aa 684bp/227aa
Genbank accession no. HM756743 HM756744 HM756745
Previously available NC__ 001857 NC_ 001903 1.13925
accession no.
from B31
Size B31 gene (bp/aa) identical 633bp/210aa 693bp/231aa
Nucleotide homology  99.8% 85.8% 91.6%
(o)
Amino acid homology 99.3% 79.8% 85.3%
(“o)
bp = base pair;
aa amino acid

TABLE 2B

Sequences used for expression and rOspA, rOspC and rOspF
used 1n multiplex assays.

40

45

Prim

OspA OspC Ospk

Bases used for 1-666 of SEQ ID  52-636 of SEQ 178-684 of SEQ
expression based NO: 14 ) NO: 16 ID NO: 1%
on whole gene
seq.
Forward primer  OspAFBam OspCF-Bam2  OspF-178-B
Reverse primer OspARKpn OspCR-Kpn Ospl-684-K
Size (bp/aa) 666bp/222aa 585bp/194aa 507bp/168aa
Plasmid used for OspA(1A)/ OspC2(B/K)  OspF(3A)/
expression pQLE30-2 pQLE30-2 pQLE30-1

TABLE 2C
ers for expression cloning.

forward

OspA (1-666)

(SEQ ID NO:
OspC (52-636)

(SEQ ID NO:
OspF (178-684)

(SEQ ID NO:

Cgcggatccatgaaaaaatatttattggg

4)

6)

Cgcggatccgagacgaaagatttgaataa

8)

Regtriction sites are underlined:

reverse

Ggcggtacctcaagttgaagtgcctgaattcc
(SEQ ID NO: 5)

Cgcggatcctcettgtaataattcagggaaag Ggeggtacctcaaggtttttttggactttetgc

(SEQ ID NO: 7)

Ggcggtaccttattecttttttgacttctece
(SEQ ID NO: 9)

stop codons are 1n bold.
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The nucleotide and amino acid sequences associated with
(Genbank accession no. HM756743, HM756744 and

HM756745 were determined in the performance of this
invention and did not first become publicly accessible until at
the earliest Jan. 1, 201 1. Thus, 1n various embodiments and as
set forth 1n Table 2B, the Osp antigens used 1n the method of
the mvention to capture antibodies directed to them com-
prises the amino acid sequence encoded by nucleotides 1-666
of the Osp A nucleotide sequence described herein (SEQ 1D

NO:15), and/or the amino acid sequence encoded by nucle-
otides 52-636 of the OspC nucleotide sequence (SEQ ID

NO:17), and/or the amino acid sequence encoded by nucle-
otides 178-684 of the OspF nucleotide sequence disclosed
hereimn (SEQ ID NO:19).

In various embodiments, the invention provides composi-
tions comprising isolated or recombinant proteins which
comprise or consist of the sequences of SEQ 1D NO:1, SEQ
ID NO:2 or SEQ ID NO:3. Fragments of these proteins are

also provided and include but are not limited to fragments
comprising or consisting. The proteins or fragments thereof
can be provided as components of compositions and/or the
kits that are described further herein. For example, they canbe
provided as part of any system, device or composition that can
be used for determiming the presence or absence of B. burg-
dorferi antibodies that can specifically recognize them. In one
embodiment, the proteins can be provided 1n physical asso-
ciation with a solid matrix. In one embodiment, the solid
matrix 1s a bead (microsphere).

In non-limiting examples, the antibodies to B. burgdorferi
can be detected and discriminated from one another using any
immunodetection techniques, which include but are not nec-
essarily limited to Western blot, enzyme-linked immunosor-
bent assay (ELISA), a snap test, multiplex antibody detection
techniques of various kinds, or any modification of such
assays that are suitable for detecting antibodies of interest.

In one embodiment, OspA, OspC and OspF antigens are
provided 1n separate locations 1n physical association with a
solid matrix configured on or as a lateral flow strip. A bio-
logical sample obtained or derived from a mammal can be
analyzed using the strip such that the presence of distinct
antibodies that specifically recognize the OspA, OspC and
OspF antigens will produce separate signals which indicate
the presence or absence of antibodies to each antigen. The
absence of antibodies to all of the antigens 1s indicative that
the mammal has not been vaccinated and has not been
infected with B. burgdorferi. The presence and absence of
antibodies can be interpreted generally 1in connection with the
matrix set forth 1n Table 1.

In one embodiment, antibodies to OspA, OspC and OspkF,
or combinations thereof, are detected using Osp A, OspC and
OspF antigens coupled to fluorescent beads. The fluorescent
beads can be any suitable fluorescent beads, examples of
which are commercially available from, for example,
Luminex Corporation. The beads can each be labeled with
different or the same fluorescently detectable moieties. The
beads can be coded such that beads coupled to each of the
distinct antigens can be discriminated from one another. Anti-
bodies present in a biological sample obtained or derived
from a mammal will bind to the antigen-coupled fluorescent
beads according to the antigens with which each bead type 1s
coupled. An anti-species specific antibody conjugated to a
detectable label can be used to detect the presence or absence
of antibodies to OspA, OspC and OspF, or combinations
thereol, which can then be used to diagnose Lyme disease
status according to, for example, the matrix set forth 1n Table
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One 1illustrative example of a multiplex fluorescent bead-
based assay for determining the antibodies according to the
inventionis depicted in FI1G. 9. As can be seen from FI1G. 9, (1)
recombinant B. burgdorferi Osp A, OspC and OspF antigens
are coupled to fluorescent beads; (2) Samples (e.g. serum,
CSF or other body fluids) are incubated with all three fluo-
rescent beads simultaneously; (3) A biotinylated anti-species
specific immunoglobulin antibody 1s added to the assay; (4)

Streptavidin-phycoerythrin 1s added as a reporter dye. The
assay 1s then measured 1n a multiplex analyzer that detects the
fluorescent bead code and the reporter dye for each individual
bead assay. Moieties such as streptavidin and biotin and their
derivatives and other reporter dyes can be substituted with
any of a variety of commercially available substitute agents
that can perform the same or similar functions in the multi-
plex assay.

Output data from fluorescence-based antibody detection
methods can be represented 1n various ways well known to
those skilled 1n the art. In one embodiment, fluorescence-
based antibody detection can be presented as a median fluo-
rescent intensity (MFI). In the present invention, we have
determined that certain MFI value ranges can be used for
determining Lyme disease status, particularly for equines and

canines. MF]I values suitable for use 1n the invention include
those set forth 1n Table 3.

TABL

L1

3

Negative, equivocal and positive interpretation ranges for
canine or equine samples using a fluorescent bead-based

multiplex assay for antibodies to 5. burgdorferi OspA,
OspC and OspkF.

B. burgdorferi Multiplex assay range (MFI)

Antigen Interpretation canine equine
OspA Negative <500 <1000
Equivocal =500 <1,500 =1000-2000
Positive =1,500 >2000
OspC Negative <250 <500
Equivocal =250 <1,000 =500-1000
Positive =1,000 >1000
Ospl Negative <750 <750
Equivocal =750 <1,500 =750-1250
Positive =1,500 >1250

Equivocal results set forth in Table 3 are indicative that
additional testing should be performed so that the sample can
be classified as negative or positive.

In one embodiment, the method 1s performed to determine
the Lyme disease status of an equine. This embodiment com-
prises, 1n a biological sample obtained from or dertved from
the equine, determining the presence or absence of OspA,
OspC, and OspF antibodies. The presence or absence of the
antibodies 1s determined using any suitable techmique, which
in one embodiment 1s a multiplex assay comprising the Osp A,
OspC, and OspF antigens provided in physical association
with fluorescent beads. The Osp A, OspC, and OspF antigens
are contacted with a biological sample obtained or derived
from an equine. Antibodies to the antigens, 1f present, will
bind to the antigen and will thereby be immobilized on the
antigen/fluorescent bead complexes. A detectably labeled
anti-equine specific antibody 1s added and a multiplex ana-
lyzer 1s used to detect the fluorescent beads and the detectable
label from the anti-equine specific antibody to generate an
MFTI value for each of the Osp A, OspC, and OspF antibodies.
The presence or absence of the antibodies 1s determined 1n
accordance with the equine values set forth 1n Table 3 and a
determination of Lyme disease status 1s made according to the
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matrix set forth in Table 1. The same rationale applies to
analysis ol a biological sample obtained or derived from a
canine, whereby the MFI values set forth 1n Table 3 for canine
samples are used to determine the presence or absence of the
antibodies, but an anti-canine specific antibody 1s used
instead of an anti-equine specific antibody. Thus, based upon

determining MFT values for the Osp A, OspC, and OspF anti-
bodies, the equine or canine can be diagnosed as infected or
not infected with B. burgdorferi and moreover can be 1denti-
fied as having been vaccinated against B. burgdorferi and/or
as having an early, intermediate or chronic B. burgdorferi
infection.

In various embodiments, the invention further comprises
fixing the determination of the antibodies 1 a tangible
medium. The tangible medium can be any type of tangible
medium, such as any type of digital medium, including but
not limited a DVD, a CD-ROM, a portable flash memory
device, etc. The invention includes providing the tangible
medium to an animal owner, a breeder, and/or an animal
health care provider to develop a recommendation for treat-
ment of a mammal that has been determined to have a Lyme
disease infection.

Also provided in the present invention 1s a device for deter-
mimng the antibodies. In one embodiment, the device 1s a
lateral flow device which comprises OspA, OspC and OspF
antigens 1n physical association with a solid matrix. In one
embodiment, the OspA, OspC and OspF are the only B.
burgdorferi antigens provided in association with the solid
matrix. In one embodiment, the OspA, OspC and OspF anti-
gens provided with the device comprise or consist of amino
acid sequences disclosed herein.

Also provided are kits for detecting the presence or absence
of the antibodies. In one embodiment, the kits comprise
OspA, OspC and OspF antigens 1n physical association with
a solid matrix. In one embodiment, the OspA, OspC and OspF
are the only B. burgdorferi antigens provided with the kat. The
kit can 1nclude fluorescent beads as the solid matrix. The kat
can further include the antigens and or the beads 1n one or
more separate vials. The kit may optionally include nstruc-
tions for use of the kait.

The following Examples are intended to 1llustrate but not
limit the present mnvention.

EXAMPLE 1

This Example provides a description of one embodiment of
the method demonstrating 1ts enhanced utility for determin-

OspZA (822 bp), Genbank accession HM756743
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ing Lyme disease status in canines. In particular, in this
Example, we describe the development and validation of a
fluorescent bead-based multiplex assay for simultaneous
detection of antibodies specific for B. burgdorferi OspA,
OspC and OspF antigens in canine serum. The validation was
performed by comparing multiplex assay results to the rec-
ommended confirmatory test for diagnosing Lyme disease
which 1s Western blotting (WB) (see, for example, www.cd-
c.gov/ncidod/dvbid/lyme/ld_humandisease_diagnosis.htm).
Among other advantages of the present invention, and con-
trary to previous studies 1n canines which taught that OspC
was not a suitable diagnostic marker, the current invention
clearly demonstrates otherwise. In particular, test results pre-
sented 1n this Example provide for enhanced determination of
Lyme disease status 1n canines as compared to any currently
available Lyme disease testing methods, and afford better
definition of a canine’s current vaccination and infection
status by determining antibodies to OspA, OspC and OspF.

The following materials and methods were used to obtain
the results presented 1n this Example.
Cloning of Borrelia burgdorferi Genes

B. burgdorferi OspA, OspC and OspF proteins were
expressed in F. coli and were used as antigens 1n the multiplex
assay. DNA was 1solated from B. burgdorferi originating
from 1nfected Ixodes dammini ticks collected 1n a forested
area 1n Westchester County, New York (Appel et al. 1993).
The complete OspC and OspF genes were amplified by PCR
using Pfu DNA polymerase (Stratagene, La Jolla, Calif.,
USA). OspC and OspF primers were designed from Genbank
accessions NC__ 001903 and L13925, respectively. Positions
of the primers used for amplification are given in parentheses:
OspC forward (1-23) 5' atgaaaaagaatacattaagtge 3' SEQ ID
NO:10; OspC reverse (633-607) 5' ttaaggtttttttggacttictgccac
3' SEQ ID NO:11; OspF forward (16-44) 5' atgaataaaaaaat-
gtttattatttgtge 3' SEQ ID NO:12; and OspF reverse (708-688)
St ttattcttttttgacttctce 3' SEQ ID NO:13. The PCR was per-
formed as previously described (Wagner et al., 2001). The
PCR products were cloned mto pCR4 TopoBlunt vector (In-
vitrogen, Carlsbad, Calif., USA) and sequenced using an ABI
automatic sequencer at the BioResource Center, Cornell Uni-
versity. The OspA gene was amplified from the plasmid
OspA/pRSET. The nucleotide sequences of the complete

coding regions of the cloned genes were submitted to Gen-
bank and received the accession numbers HM756743

(OspA), HM756744 (OspC) and HM756745 (OspF).
Expression and Purification of B. burgdorferi Genes

Expression cloning was performed based on the following,
DNA sequences which are also referred to in Table 2.

SEQ ID NO: 14

atgaaaaaatatttattgggaataggtctaatattagccttaatagcatgtaagcaaaatgttagcagecttgacgagaaaaacagegttte

agtagatttgcctggtgaaatgaaagttcecttgtaagcaaagaaaaaaacaaagacggcaagtacgatctaattgcaacagtagacaag

cttgagcttaaaggaacttctgataaaaacaatggatctggagtacttgaaggcgtaaaagctgacaaaagtaaagtaaaattaacaattt

ctgacgatctaggtcaaaccacacttgaagttttcaaagaagatggcaaaacactagtatcaaaaaaagtaacttccaaagacaagtcat

caacagaagaaaaattcaatgaaaaaggtgaagtatctgaaaaaataataacaagagcagacggaaccagacttgaatacacaggaa

ttaaaagcgatggatctggaaaagctaaagaggttttaaaaggctatgttcttgaaggaactctaactgcectgaaaaaacaacattggtygyg

ttaaagaaggaactgttactttaagcaaaaatatttcaaaatctggggaagttttagttgaacttaatgacactgacagtagtgectgctacta

aaaaaactgcagcttggaattcgggcacttcaactttaacaattactgtaaacagtaaaaaaactaaagaccttgtgtttacaaaagaaaa

cacaattacagtacaacaatacgactcaaatggcaccaaattagaggggtcagcagttgaaattacaaaacttgatgaaattaaaaacy

ctttaaaataa
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-continued

SEQ ID NO: 15

MKKYLLGIGLILALIACKOQNVS SLDEEKNUSYVSVDIULZPAGLE

MKVLVSKEKNEKDGKYDLIATVDE KLELIEKGTUSUDI KDNDNGS

GVLEGVKADKS KVKLTISDDLGOQTTULZEYVYVVEFIEKEDG GIE KTL

VS KKVTSKDKSSTEEKFNEKGEV S EEKIITRADOGTRILE

Y TGIKSDGSGKAKEVLEKGYVLEGTLTAEZ KTTULYVYYVYEKLE

GTVTLSKNISKSGEVLVELNDTIDSSAATI K KTAAWDNS

G TS T

OspC (636 bp), Genbank accession HM756744

SEQ ID NO: 1o

atgaaaaagaatacattaagtgcaatattaatgactttatttttatttatatcttgtaataattcagggaaagatgggaatacatctgcaaattcet

gctgatgagtctgttaaagggcctaatcttacagaaataagtaaaaaaattacggattctaatgeggttttacttgectgtgaaagaggttga

agcecgttgcectgtcatctatagatgagcecttgctaaagetattggtaaaaaaataaaaaacgatggtagtttagataatgaagcaaatcegcaac

gagtcattgttagcaggagcttatacaatatcaaccttaataacacaaaaattaagtaaattaaacggatcagaaggtttaaaggaaaayg

attgccgcagctaagaaatgctctgaagagtttagtactaaactaaaagataatcatgcacagcettggtatacagggegttactgatgaa

aatgcaaaaaaagctattttaaaagcaaatgcagcegggtaaagataagggcgttgaagaacttgaaaagttgtcecocggatcattagaaag

cttatcaaaagcagctaaagagatgcttgctaattcagttaaagagcttacaagcecctgttgtggcagaaagtccaaaaaaaccttaa

SEQ ID NO: 17

S CNNSGKDGNTSANSADESVKGPNLTETISEKEKTITDSHNA

VLLAVKEVEALLSSIDELAKAIGKEKII KNDOGSILDINEA AN

RNESLLAGAYTIOSTLITOQEKILSEKLNOGSUEOGLI KEIE KIAAATK

KCSEEFSTEKLEKDNHAQLGIQGV  TDE ENAEKEKAIILIEKANA

AGKDKGVEELEKLSGSLESLSKAAKEMLANGSVEKETLT

S PVVAESPUEKIEKTP

OspF (684 bp}, Genbank accession HM756745

SEQ ID NO: 18

atgaataaaaaaatgtttattatttgtgctgtttttgecgttgataatttcecttgcaagaattatgcaactagtaaagatttagaaggggcagtgca

agatttagaaagttcagaacaaaatgtaaaaaaaacagaacaagagataaaaaaacaagttgaaggatttttagaaattctagagacga

aagatttgaataaattggatacaaaagagattgaaaaacgaattcaagaattaaaggaaaaaatagaaaaattagattctaaaaaaactt

ctattgaaacatattctgagtatgaagaaaaactaaaacaaataaaagaaaaattgaaaggaaaggcagatcttgaagataaattaaag

ggacttgaagatagcttaaaaaagaaaaaagaggaaagaaaaaaagctttagaagatgctaagaagaaatttgaagagtttaaaggac

aagttggatccgcgactggagtaactaccgggcatagagctggaaatcaaggtagtattggggcacaagettggcagtgtgcectaatag

tttggggttgggtgtaagttattctagtagtactggtactgatagcaatgaattggcaaacaaagttatagatgattcaattaaaaagattga

tgaagagcttaaaaatactatagaaaataatggagaagtcaaaaaagaataa

SEQ ID NO: 195

ETKDLNEKLDTUE KEIEKRIQELIZEKEIEKTIIEIZ KLDSEKEKTSTIETTYS

EYEREEKLKQI KEKLKGKADLEDIZ KILIZ KGLEDUSTLIEKIEKZEKIE KEE

RKKALEDAKEKEKPFEERFKGQOQVGSATGVTTGHRA-AGNOQOGS

1 GAQAWOQCANSLGLGV SY SSSTGTDSNELANIEKYIDDS

I1 K K IDEELEKNTIIENDNGEVIEKIEKHE

60

For expression cloning the OspA (bases 1-666), OspC (bases
52-636) and OspF (bases 178-684 of the above described

DNA sequences) were first amplified by PCR using primers
with BamHI (5") and Kpnl (3') restriction sites. The genes
were cloned into the pQE-30 Xa expression vector (Qiagen 65
Inc., Valencia, Calif.) and were expressed as His-tagged pro-

teins 1 £. coli SG13009 cells (Qiagen Inc., Valencia, Calit.)

after induction with 1 mM IPTG. The bacteria were lysed 1n

bus

fer containing 100 mM sodium phosphate, 10 mM Tris

and 8M urea, pH 8.0. The lysates were diluted 1:5 1n 40 mM
imidazole buffer and the His-tagged proteins were purified on

HisTrapFF columns using an AKTA-FPLC 1nstrument (both

GE

Healthcare, Piscataway, N.J.). Protein concentrations

were determined by BCA assay (Pierce, Rockiord, I11.).
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SDS-PAGE and Western Blotting

SDS-PAGE, Western blotting and immunoblotting (the lat-
ter two here referred to as WB) were performed as described
(Wagner et al., 20035). In brief, 2-4 nug/lane of the recombinant
B. burgdorferi proteins were separated i 15% mini-gels
(BioRad Laboratories, Hercules, Calif., USA) under reducing
conditions. Gels were erther stained with Coomassie Brilliant
Blue or proteins were transierred to a membrane (PVDE,
BioRad Laboratories, Hercules, Calif., USA) for immunob-
lotting. After transier, a blocking step was performed using
3% (w/v) non-fat dry milk 1n Tris buifer (0.1M Tris, pH 7.6
containing 0.05% (v/v) Tween 20). The membranes were then
incubated with canine serum diluted 1:10 1n Tris butfer with
5% non-fat dry milk. A secondary peroxidase conjugated
rabbit anti-dog IgG(H+L) antibody (Jackson ImmunoRe-
search Lab., West Grove, Pa.) was used for detection. After
incubation of each antibody, membranes were washed three
times with Tris buffer and antibody binding was visualized by
the ECL chemiluminescence method (Amersham Bio-
science, Piscataway, N.J., USA). In addition, all sera used for
validation of the multiplex assay were tested by conventional
B. burgdorferi WB using whole bactenal lysate as previously
described (Appel et al. 1993).
Coupling of Recombinant B. Burgdorferi Antigens to Fluo-
rescent Beads

A total of 100 ug of each purified recombinant 5. burgdor-
feri protein was coupled to fluorescent beads (Luminex
Corp.). OspA was coupled to bead 33, OspC to bead 34, and
OspF to bead 37. The coupling was performed according to
the recommended protocol from the bead supplier Luminex
Corporation. (See, www.luminexcorp.com/uploads/data/
Protein%20Protocols%20FAQs/
Protein%20Coupling%20Protocol%200407%2010207 .pdi).
In briet, the entire procedure was performed at room tempera-
ture. All centrifugation steps were performed at 14,000xg for
4 minutes. Afterwards, the beads were resuspended by vor-
texing and sonication for 20 seconds. For activation, 5x10°
beads were washed once 1n H,O. Beads were resuspended in
80 ul of 100 mM sodium phosphate butter, pH 6.2. Then, 10
wl Sulfo-NHS (50 mg/ml,) and 10 ul 1-ethyl-3-[3-dimethy-
laminopropyl]carbodiimide hydrochloride (EDC, 50 mg/ml,
both from Pierce Biotechnology Inc., Rockiord, Ill.) were
added and incubated for 20 minutes. The beads were washed
twice with 50 mM 2-[N-morpholino]ethanesulfonic acid, pH
5.0 (MES) and resuspended in MES solution. These activated
beads were used for coupling of the recombinant B. burgdor-
feri antigens. The coupling was performed for three hours
with rotation. After coupling, the beads were resuspended in
blocking buifer (PBS with 1% (w/v) BSA and 0.05% (w/v)
sodium azide) and incubated for 30 minutes. The beads were
washed three times 1n PBS with 0.1% (w/v) BS A, 0.02% (v/v)
Tween 20 and 0.05% (w/v) sodium azide (PBS-T), counted
and stored 1n the dark at 2-8° C.
Luminex Assay

Beads coupled with OspA, OspC and OspF were soni-
cated, mixed and diluted 1n blocking butfer to a final concen-
tration of 1x10° beads/ml each. For the assay, 5x10° beads/
cach were used per microtiter well. All canine serum samples
were diluted 1:600 1n blocking butfer. Previously tested nega-
tive, low positive and high positive canine sera and beads
incubated with blocking bufler alone were run as positive and
negative controls on each assay plate. Millipore Multiscreen
HTS plates (Millipore, Danvers, Mass.) were soaked with
PBS-T using a ELx50 plate washer (Biotek Instruments Inc.,
Winooski, Vt.) for 2 minutes. The solution was aspirated from
the plates and 50 ul of each control serum or sample was
applied to the plates. Then, 50 ul of bead solution was added
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to each well and incubated for 30 minutes on a shaker at room
temperature. The plate was washed with PBS-T and 50 ul of
biotinylated rabbit anti-dog IgG(H+L) (Jackson Immunore-
search Laboratories, West Grove, Pa.) diluted 1:5000 1n
blocking buffer was added to each well and incubated for 30
minutes as above. After washing, 50 ul of streptavidin-phy-
coerythrin (Invitrogen, Carlsbad, Calif.) diluted 1:100 1n
blocking bulfer was added. Plates were incubated for 30
minutes as above and washed. The beads were resuspended in
100 pl of blocking bufier and each plate was placed on the
shaker for 15 minutes to resuspend the beads. The assay was
analyzed 1 a Luminex IS 100 mnstrument (Luminex Corp.).
The data were reported as median fluorescent intensities
(MFI).
Serum Samples

All canine serum samples were submitted for serological
testing of antibodies to B. burgdorferi to the Amumal Health
Diagnostic Center at Cornell University and were tested 1n a
kinetic ELISA and by WB to detect antibodies to B. burgdor-
feri. Both assays used whole cell lysates of B. burgdorferi and
were described previously (Appel et al. 1993, Jacobson et al.
1996). Two canine serum sample sets were used for this
study:
First, 79 serum samples with available ELISA and WB results
for antibodies to B. burgdorferi were used to establish the
conditions of the bead-based assay for each antigen and for
the comparison of results from singleplex and multiplex
analysis. These 79 samples were selected to provide similar
numbers of samples ranging from negative to high positive
results by ELISA and WB and according to these results
included sera from vaccinated and/or naturally infected dogs.
Second, a total of 188 canine serum samples that were not
tested previously were used for further multiplex assay vali-
dation. All samples were analyzed 1n parallel for antibodies to
B. burgdorferi antigens by WB. The presence (positive) or
absence (negative) of serum antibodies to the 31 kDa (OspA),
22 kDa (OspC) and 29 kDa (OspF) on the blots was deter-
mined blindly by an observer who was not aware of the
multiplex assay results. The WB results provided a ‘relative
gold standard’ for each antigen and were used for recerver
operating curve (ROC) analysis and to determine interpreta-
tion ranges for antibodies to B. burgdorferi Osp A, OspC and
OspF antigens 1n the multiplex assay.
Statistical Analysis

For the comparison of results obtained by singleplex and
multiplex assay formats the corresponding MFI values of all
samples were compared for each B. burgdorferi antigen by
calculating Spearman rank correlations. Mann- Whitney tests
were performed to compare differences 1 multiplex assay
MFTI values for samples that were either negative or positive
for the respective antigen when tested by WB. The Mann-
Whitney tests were run with Gaussian approximation,
2-sided, with 95% confidence intervals and using p<t0.05 as
cut-oif for significance. To determine the sensitivity and
specificity for each bead assay within the multiplex assay
format ROC curves were generated by using the WB result
(positive/negative) of each serum sample and the correspond-
ing protein as a ‘relative gold standard’ in comparison to the
MFTI value obtained for that sample and recombinant antigen
using the multiplex assay. A likelithood ratio analysis was
performed to define ranges of interpretation and diagnostic
sensitivities and specificities i the multiplex assay. ROC
curves and likelihood analyses were performed separately for
cach antigen. The Spearman rank correlations and the Mann-
Whitney tests were performed using the GraphPad Prism
program, version 5.01. The ROC curves were generated using
the MedCalc program, version 11.2.0.0; 2010F. Schoonjans,
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Marnakerke, Belgium. The likelihood analysis was performed
using Statistix 9.0, 2008, Analytical Software, Tallahassee,
Fla., USA.
Results
Expression of B. burgdorferi Antigens

The extracellular parts of B. burgdorferi Osp A, OspC and
OspF proteins were expressed 1n £, coli (FI1G. 1) and were
333, 194 and 169 amino acids in size, respectively. The result-
ing rOspA proteins had a calculated molecular weight of 30
kDa. In addition to the corresponding predominant protein at
30kDa, two weaker proteins of 22 and 42 kDa were observed
alter purification suggesting minor contaminations with other
proteins during aifinity purification of rOspA. The calculated
molecular weights were 17.5 kDa for rOspC and 15.2 kDa for

rOspF. The resulting proteins found by SDS-PAGE were 29

kDa torrOspC and 27 kDa for rOspF suggesting dimerization
of both proteins.

Development of a Fluorescent Bead-based Assay

The recombinant B. burgdorferi OspA, OspC and OspF
proteins were coupled to fluorescent beads. Pretested canine
serum samples with known WB testing results for antibodies
to B. burgdorferi were used to establish the conditions of each
bead-based assay. Positive and negative controls were 1den-
tified and 1included on each assay plate (Table 3). A total o179
sera were then measured 1n singleplex assays with each indi-
vidual antigen and in a multiplex assay using all three anti-
gens simultaneously (FIG. 2). Spearman rank correlations
between the singleplex and multiplex analyses were 0.93
(OspA), 0.88 (OspC) and 0.96 (OspF). The mean background
values of the multiplex assay were determined by 40 runs
without serum and were <10 MFI for the OspA and OspC
assays and 80 MFI for OspF.

Table 4: MFI values (meanzstandard deviations) for the
OspA, OspC and OspF assays obtained by 20 separate mul-
tiplex assay runs using canine control serum samples (posi-

tive, low positive and negative) and background values (dilu-
tion buifer).

TABLE 4
OspA OspC Ospk
Positive serum 10386 + 2292 3759 + 1012 21976 + 2924
Low positive serum 965 £ 298 1125 + 297 5336 £ 1289
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TABLE 4-continued

OspA OspC Ospl
Negative serum 201 £72 48 + 17 244 £ 71
Background (buifer) 7x2 4+1 84 + 4

Comparison of WB and Multiplex Assay Results for OspA,
OspC and OspF

WB and multiplex assay results from 188 canine sera were
compared for each protein. FIG. 3 shows the conventional
WB results from an infected (lane 2), a vaccinated (lane 3),
and a non-infected/non-vaccinated dog serum (lane 4). The
OspA multiplex results were compared to the occurrence of
the 31 kDa protein on the WB, OspC was compared to the 22
kDa protein, and OspF to the 29 kDa protein. The WB results
were separately grouped as negative or positive for each ot the
three antigens (FIG. 4). Out of the 183 sera, 107 detected the
31 kDa OspA antigen, 39 detected the 22 kDa OspC and 82
identified the 29 kDa OspF protein by WB. Significantly
higher (p<<0.0001) MFI values were obtained in the multiplex
assay for all three B. burgdorferi proteins using WB positive
sera compared to those with negative WB results. In addition,
ROC curves for the B. burgdorferi OspA, OspC and OspF
antigens were generated using the WB results of the 188 sera
as a ‘relative gold standard’ (F1G. 8). The ROC curves showed

high agreement between the multiplex assay and WB results
for Osp A, OspC and OspkF.

Interpretation of Multiplex Assay Results

To determine interpretation ranges for the B. burgdorferi
OspA, OspC and OspF antigens in the multiplex assay, a
likelihood analysis was performed. The analysis took into
account that serological analyses almost always result 1n
some false positive and false negative results when compared
to a gold standard (Jacobson et al. 1996). This can be caused
by the nature of some sera showing increased non-specific
binding, by a suboptimal gold standard or by differences in
the analytical sensitivity of the assays that are compared.
Thus, a negative, an equivocal and a positive iterpretation
range was determined for each antigen. Table 5 shows the
interpretation range, the likelihood ratio of a positive test
(LR+) and the diagnostic sensitivity and specificity for the
multiplex analysis of antibodies to each of the B. burgdorferi
OspA, OspC and OspF antigens 1n canine serum. The diag-
nostic specificities of the OspA, OspC and OspF assays 1n the
multiplex format were 90%, 89% and 86%, respectively. The
diagnostic sensitivities were 83% (OspA), 62% (OspC) and
82% (OspF).

TABL

(L]

D

Interpretation ranges of the fluorescent bead-based multiplex assay for antibodies to
B. buredorferi OspA, OspC and OspF 1n canine serum.

Multiplex

assay (MFI)
OspA
Negative <500
Equivocal =500 <1,500
Positive =1,500
OspC
Negative <250
Equivocal =250 <1,000
Positive =1,000
Ospk
Negative <750
Equivocal =750 <1,500
Positive =1,500

True False
positive positive Sensitivity Specificity  95%
(WBpos) (WBneg) LR+ (%) 95% CI (%) CI
3/107 41/81 0.055
15/107 32/81 0.35
89/107 8/81 8.40 83 75-90 90 82-96
3/39 65/149  0.18
12/39 67/149  0.68
24/39 17/149  5.40 62 45-77 89 82-93
3/82 37/106  0.11
12/82 56/106  0.28
67/82 15/106  5.75 82 72-89 86 78-92
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It will be apparent from the foregoing that, in this Example,
we demonstrate the development and validation of a new
multiplex assay to detect serum antibodies to B. burgdorferi
OspA, OspC and OspF antigens simultaneously. The multi-
plex assay combines the current testing procedures of ELISA
and WB 1n one test and also distinguishes between individual
B. burgdorferi antigens as markers for vaccination or infec-
tion. ELISA followed by WB 1s still considered the gold
standard for detection of antibodies to B. burgdorferi. ELI-
SAs performed on whole cell lysates of B. burgdorferi had
high diagnostic sensitivity but rather low diagnostic specific-
ity (Jacobson et al. 1996). False positive ELISA results using
whole cell lysates were caused by reactions of serum anti-
bodies with spirochete proteins that share a high homology
with corresponding proteins of other bacteria, e.g. the flagel-
lar protein of B. burgdorferi (Lindenmayeretal. 1990, Shin et
al. 1993). That the multiplex assay developed here used novel
recombinant proteins of B. burgdorferi reduced the possibil-
ity for cross-reactions in the new assay.

Here, we compared WB results for specific B. burgdorferi
antigens to multiplex results for the corresponding OspA,
OspC and OspF antigens. The ROC curve analysis indicated
good to very good associations between the two tests. How-
ever, disagreements between WB and the multiplex assay
were observed. One possible explanation for the disagree-
ments could be that WB generally depends on the observer’s
subjective interpretation of whether a specific band is present
or not. The interpretation of the WB can also be influenced by
day-to-day variations in blot development. The analytical
sensitivity of the WB (low ug/ml range) 1s less than that of
ELISA (low ng/ml range) and much less than the analytical
sensitivity of multiplex assays (low pg/ml range). Thus, 1t 1s
likely that various sera with lower concentrations of antibod-
ies to B. burgdorferi were not detected by WB but were
identified by the multiplex assay.

Besides the increase 1n analytical sensitivity of multiplex
assays compared to WB some bands on the blot can also be
mis-interpreted. For example, B. burgdorferi expresses two
proteins that appear at around 22 kDa on the WB, OspC and
an additional protein of 22 kDa (Magnarell1 et al. 2001).
Because crude preparations of B. burgdorferi are generally
used for WB, the analysis of antibodies to OspC can be
complicated by the presence of antibodies to the 22 kDa
protein in a sample. Consequently, the 22 kDa bands 1denti-
fied by WB might not always correspond to antibodies to
OspC. This could explain the lower agreement that we
observed between the bead-based OspC assay and WB
results. Thus, the true diagnostic specificity and sensitivity for
the OspC multiplex assay 1s likely higher than those calcu-
lated by comparison to the 22 kDa protein detected by WB.
Overall, we concluded that WB can only be a ‘relative gold
standard’ for validation of other assays detecting antibodies to
B. burgdorferi.

Using a set of 188 canine serum samples, we observed a
high discrepancy 1n the total numbers of WB positive samples
tor OspC (n=39) and OspF (n=82). This 1s 1n agreement with
the differential expression of B. burgdorferi antigens and the
resulting host antibody response discussed above. The
samples originated from diagnostic field submissions and
thus, the time of infection and/or vaccination of these dogs
was not known. We observed that depending on the serum
sample antibodies to either OspC or OspF or both could be
detected by the multiplex assay suggesting that these outer
surface protein detection patterns were indicative of different
stages of infection with B. burgdorferi. Thus, differential
antibody patterns to the OspC and OspF antigens 1s indicative
of when the exposure to B. burgdorferi occurred in the dog.
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Such improved determination of the infection stage 1s likely
to be valuable for treatment decisions and to predict treatment

SUCCESS.

Thus, the multiplex assay described 1n this Example for
detection of antibodies to B. burgdorferi OspA, OspC and
OspF antigens provides a quantitative, economic and sensi-
tive alternative to determine antibodies 1n canine serum that
are indicators of infection with B. burgdorferi and/or antibod-
ies that resulted from vaccination.

EXAMPLE 2

This Example provides a description of one embodiment of
the method demonstrating 1ts enhanced utility for determin-
ing Lyme disease status in equines. The multiplex assay for
horses uses OspA, OspC and OspF, as markers for vaccina-
tion and/or early or chronic infection as previously described
for the canine Lyme assay in Example 1. In general, multiplex
assays use the principle of simultaneous detection of soluble
analytes 1n biological samples (Morgan etal. 2004, Prabhakar
ctal. 2003). They are based on fluorescent beads coupled with
individual antigens which provide the matrix of the assay.
Multiplex assays typically detect antibodies in the pg/ml
range, while ELISA detect ng/ml and WB ng/ml concentra-
tions (Kellar and Douglas 2003, Morgan et al. 2004, Wagner
and Freer 2009). Thus, the new Lyme multiplex assay for
horses 1s based on specific marker proteins for infection with
or vaccination against B. burgdorferi and also likely has an
advantage 1n situations when concentrations of antibodies are
low such as early after infection or in cerebrospinal fluid
samples from horses with neurological signs.

The following material and methods were used to obtain
the results presented 1n this Example.

Recombinant B. Burgdorferi Proteins and Coupling to Fluo-
rescent Beads

B. burgdorferi OspA, OspC and OspF antigens were
expressed 1n . coli and were coupled to fluorescent beads as
described in Example 1. OspA was coupled to bead 33, OspC
to bead 34, and OspF to bead 37. The coupling was performed
according to the recommended protocol from the bead sup-
plier.

Multiplex Assay

Multiplex analysis was performed as previously described
for canine serum samples 1n Example 1 with the following
changes: Equine serum samples were diluted at 1:400. For
detection of serum antibodies a biotinylated goat anti-horse
IeH(H+L) antibody (Jackson Immunoresearch Laboratories,
West Grove, Pa.) was used at a dilution of 1:3000. All other
reagents, bullers and incubation steps were 1dentical to the
procedure described before. The assay was analyzed 1n a
Luminex IS 100 mstrument (Luminex Corp.). The data were
reported as median tluorescent itensities (MFT).

Horse Serum

All equine serum samples were submitted to the Animal
Health Diagnostic Center at Cornell Umiversity for serologi-
cal Lyme testing and were tested 1n a kinetic ELISA followed
by WB to detect antibodies to B. burgdorferi. Both assays
used whole cell lysates of B. burgdorferi and were performed
as described previously (Chang et al. 2000a). Two sets of
equine serum samples were analyzed for this approach:
First, 81 equine serum samples with available ELISA and WB
results for antibodies to B. burgdorferi were used to establish
the conditions ol the bead-based assay for each of the antigens
and for the comparison of singleplex and multiplex analyses.
These 81 samples were selected to provide similar numbers of
samples within the negative to high-positive interpretation

ranges as 1dentified by ELISA and WB and included sera
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from vaccinated and/or naturally imfected horses. Second, a
total of 562 equine serum samples that were not tested previ-
ously were evaluated for further multiplex assay validation.
These samples were submitted to the Amimal Health Diag-
nostic Center at Cornell University between July 2008 and
June 2009. All samples were also analyzed for antibodies to
B. burgdorferi antigens by WB. The presence (positive) or
absence (negative) of serum antibodies to 31 kDa (OspA), 22
kDa (OspC) and 29 kDa (OspF) on the blots was determined
blindly by an observer who was not aware of the multiplex
assay results (FIG. 6).

Statistical Analysis

MFTI values obtained from the first set of serum samples
(n=81) were analyzed by singleplex and multiplex assay for-
mats and were compared for each of the B. burgdorferi anti-
gens by calculating Spearman rank correlations. Mann-Whit-
ney tests were performed to compare differences in multiplex
assay MFI values for samples that were either negative or
positive for the respective antigen when tested by WB. The
Mann-Whitney tests were run with Gaussian approximation,
2-sided, with 95% confidence 1ntervals and using p<t0.05 as
cut-oif for significance. The Spearman rank correlations and
the Mann-Whitney tests were performed using the GraphPad
Prism program, version 5.01.

For the second serum sample set (n=562), the WB results
were used as a ‘relative gold standard’ (positive/negative) 1n a
receiver operating characteristic (ROC) curve analysis and
were compared to the multiplex MFI value. This analysis
assumed that WB 1s indeed a true gold standard (1.e. 100%
diagnostic sensitivity and specificity). A likelihood-ratio
analysis was performed to define ranges of interpretation for
antibodies to B. burgdorferi OspA, OspC and OspF antigens
and diagnostic sensitivities and specificities of the multiplex
assay. ROC curves and likelihood analyses were performed
separately for each antigen. The ROC curves were generated
using the MedCalc program, version 11.2.0.0 2010, MedCalc
Software, Broekstraat 52, 9030 Mariakerke. The likelihood
analysis was performed using Statistix 9.0, 2008, Analytical

Software, Tallahassee, Fla., USA.
The second serum sample set was also used for a Bayesian

statistical approach which can be used for the analysis of

assay performance 1f a true gold standard 1s not available
(Wang et al. 2007). For Lyme antibody testing the WB can
only be considered as a ‘relative gold standard’ because of 1ts
poor analytical sensitivity and its subjective component in
analyzing whether a specific band is present or not (Wagner et
al. 2011). The data were analyzed using a Bayesian model to
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values for both tests, the new Lyme multiplex assay and WB.

The Bayesian approach required two groups with different
prevalence of disease indicators otherwise the Bayesian
model that was used to estimate parameters becomes non-
identifiable (Wang et al. 2006, Wang et al. 2007). Thus, the
serum samples were artificially split into two groups. All
samples collected between July and December 2008 (n=408)
were assigned mnto group 1, all samples collected between
January and June 2009 (n=136) were 1n group 2. This sepa-

55

ration was based on the assumption that the prevalence of 60

antibodies to B. burgdorferi, as indicators of Lyme disease, 1s
higher from July to December than during the first six months
of the year. The analysis showed that this assumption was true
for antibodies to OspC and OspF and the analysis was per-
tformed. For OspA, the prevalence between the two groups
was similarly low and the Bayesian approach could not be
used for the OspA assay.
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Results
Development of an Equine Multiplex Assay for Detection of
Antibodies to B. Burgdorferi

A total o1 81 pretested horse sera with or without antibodies
to B. burgdorferi were used to establish the conditions of the
fluorescent bead-based assays. Beads were coupled with
recombinant Osp A, OspC or OspF antigens of B. burgdorferi.
The measurement of serum antibodies to these antigens was
compared by running the assays on individual beads (single-
plex) and also by multiplex analysis (FIG. 7). Multiplex and
singleplex analysis results for antibodies to B. burgdorferi
highly correlated. Spearman rank values for the individual
antigen comparisons were 0.77, 0.83 and 0.96 for OspA,
OspC and OspF, respectively. The background values for the
multiplex assay were <10 MFI for OspA and OspC and <100
MFTI for OspF (Table 6). The 81 serum samples resulted 1n
MFIs between 347-21650 for OspA, 75-3842 for OspC, and
192-23209 for OspF confirming the wide dynamic range of
the Lyme multiplex assay.

TABLE 6

Median fluorescence intensities (MFI) values (median, range)
and background values of a fluorescent bead-based multiplex

assay for antibodies to B. burgdorferi OspA, OspC and
OspF antigens in equine serum (n = 562).
Background® WB negative WB positive
OspA 3.5 (2.5-8.0) 866 (160-20, 451) 2317 (206-27,471)
OspC 4.7 (3.0-8.0) 439 (59-4702) 1106 (128-9261)
OspF 83.0 (62.5-96.5) 848 (209-14,550) 2560 (217-25,961)

“Background values were obtained from 18 separate runs of the multiplex assay without
serum

WB = Western blot

Validation of the Equine Lyme Multiplex Assay

The validation of the multiplex assay for antibodies to
OspA, OspC and OspF was performed by comparing multi-
plex results to the corresponding results obtained by WB for
a total of 562 horse sera. By WB, antibodies to OspC and
OspF can be detected in horses that were intected with B.
burgdorferi alter tick bites. Antibodies to OspA are consid-
ered to develop after vaccination against Lyme disease (FIG.
6). The MFI values obtained by the multiplex assay were
compared to WB negative and positive serum samples. This
showed a clear increase of MFI values n WB positive
samples compared to WB negative samples for each of the
individual antigens (FI1G. 8). Despite these clear differences
in the overall MFI values, the analysis also showed an overlap
between the MFI values of WB negative and positive samples
(Table 6) which required further evaluation of the multiplex
assays cut-oil values by various statistical approaches.
Analysis Using WB as a ‘Relative Gold Standard’

WB can only be considered as a ‘relative gold standard’
because of 1ts relatively poor analytical sensitivity and the
subjective component involved in WB evaluation. Neverthe-
less, ROC curves were created by comparing the multiplex
assay results for individual Osp A, OspC or OspF assays to the
presence of the corresponding band on WB or not. The areas
under the ROC curve were 0.765 for OspA, 0.773 for OspC
and 0.738 for OspF. Because of the overlapping MFI values of
WB negative and WB positive samples (FIG. 8), we also
performed a likelithood-ratio analysis to establish three inter-
pretation ranges, negative, equivocal and positive, for each of

the bead-based assays. Diagnostic sensitivity and specificity
values were also calculated based on positive cut-ofl values of

the likelithood analysis (Table 7).
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TABLE 7

Interpretation ranges of the fluorescent bead-based multiplex assay for
antibodies to B. burodorferi Osp A, OspC and OspF 1n equine serum.

True False d
positive positive Sensi- Specif-
Multiplex % % tivity  1city
assay (MFI) (WDBpos) (WDBneg) LR+ (%) (%)
OspA
10
Negative <1000 18.6 57.6 0.323
Equivocal  =1000-2000 32.6 27.4 1.19
Positive >2000 48.8 15.0 3.25 49 85
OspC
Negative <500 19.1 59.2 0.323 15
Equivocal =500-1000 25.0 26.5 0.943
Positive >1000 55.9 14.3 3.91 56 86
Ospk
Negative <750 15.4 42.4 0.363
Equivocal =750-1250 12.5 24.4 0.512
Positive >1250 72.0 332 217 72 671 2V

LR = likelihood ratio

Assay Validation 1n the Absence of a True Gold Standard

Using a Bayesian Model

To take 1nto account that WB very likely also resulted in
several iterpretation mistakes we performed another analy-
s1s using a Bayesian approach that estimates diagnostic sen-
sitivities and specificities for both tests that are compared.
The analysis required two experimental groups with different
prevalence. The data were obtained from sample submissions
within one year and they were artificially split into sera sub-
mitted between July to December (group 1) and samples
submitted between January to June (group 2) assuming a
higher Lyme disease prevalence in group 1. The analysis
confirmed that the prevalence of antibodies to B. burgdorferi
was higher in group 1 for the two infection markers OspC and
OspF, but not for the vaccination marker OspA. Thus, the
model could only be run on results for antibodies to OspC and
OspF and compared the bead-based assay and the WB as two
independent tests, none of them being a gold standard (Table
8). For antibodies to OspC, the bead-based assay resulted 1n a

diagnostic sensitivity of 80% and a diagnostic specificity of

79%. The OspC WB had a sensitivity of only 72% and a
specificity of 92%. For antibodies to OspkF, the sensitivity was 49
86% and the specificity 69% for the bead-based assay. The
OspF WB had a sensitivity of 80% and a specificity of 77%.
The Bayesian analysis suggested that a greater number of
false negatives was obtained by WB than by multiplex analy-
s1s. The higher specificity values of the WB were indicative of >
low numbers of false positives detected by this test. The
cut-oil values for the OspC and OspF bead-based assays were
813 and 1270 MFI, respectively, which falls into the equivo-
cal (OspC) or very low positive (OspF) interpretation ranges
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TABLE 8
Bayesian statistical analysis comparing the new multiplex assay
and Western blotting (WB) for antibodies to OspC or Ospl of 60
B. burgdorferi.
B. burgdorferi
outer surface Sensitivity  Specificity  Optimal cut-off
protein Test (%) (%) value (multiplex)
OspC Multiplex 80 (68-90) 79 (73-85) 313 63
WB 72 (55-89) 92 (88-96) NA
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TABLE 8-continued

Bayesian statistical analysis comparing the new multiplex assay
and Western blotting (WB) for antibodies to OspC or OspF of
B. buredorferi.

b. burgdorferi

outer surface Sensitivity  Specificity Optimal cut-off
protein Test (%) (%) value (multiplex)
OspF Multiplex 86 (77-93) 69 (60-79) 1270

WB 80 (70-89) 77 (69, 88) NA

Diagnostic assay sensitivity and specificity are expressed 1n terms of optimal values with
95% credible interval level.
NA = not applicable because WB 1s a qualitative test and thus has no cut-off values

It will be apparent from the foregoing that 1in this Example
we used . coli-expressed OspA, OspC and OspF antigens of
B. burgdorferi to develop a new multiplex assay for detection
of antibodies indicative for Lyme disease. A major challenge
in the validation of the new multiplex assay was the absence
of a true gold standard to establish cut-oif values, interpreta-
tion ranges, and diagnostic sensitivity and specificity values.
WB for detection of antibodies to B. burgdorferiis considered
a confirmatory test and the best available standard for sero-
logical Lyme diagnostic. Using WB as a gold standard for test
validation assumes 100% diagnostic sensitivity and specific-
ity for this method. Based on this fact a new test can never be
better than the existing test by using conventional gold stan-
dard methods. However, WB 1s a qualitative test and has
limitations in respect to 1ts analytical sensitivity, day-to-day
variations 1n blot development and its subjective evaluation
that can result 1n misinterpretation of bands even by experi-
enced evaluators (see Example 1). Although the interpreta-
tion of WB results 1s straight forward for samples with very
high antibody titers or 1n experimentally infected horses kept
1in 1solation, 1t can be more difficult in clinical situations when
the infection history 1s unknown and/or for sera containing
lower antibody levels to B. burgdorferi. These characteristics
of WB evaluation, together with the expected differences 1n
analytical sensitivities between WB and multiplex technol-
ogy, caused us to explore different statistical approaches to
validate the new Lyme multiplex assay. The conventional
ROC-curve and likelihood-ratio analyses were performed
under the assumption that WB 1s a true gold standard, 1.e.
100% accurate. The Bayesian model approach can analyze
diagnostic assays in the absence of a gold standard (Wang et
al. 2006, Wang et al. 2007) and compared WB and multiplex
assay as equal tests. Therefore, the analysis resulted in diag-
nostic sensitivity and specificity data for both assays.
Although all these assumptions may not be entirely true
because the two tests obviously widely differ in their analyti-
cal sensitivities, the Bayesian analyses allowed us to estimate
the diagnostic sensitivity and specificity of the new multiplex
assay more accurately by taking into account that WB 1s not
a true gold standard, 1.e. not 100% correct. Consequently,
diagnostic sensitivity and specificity values for the Lyme
multiplex assay were higher in the Bayesian method than in
the ‘relative gold standard’ approach. The conventional gold
standard analysis suggested values of 56% and 72% for sen-
sitivity and 86% and 67% for specificity of the OspC and
OspF bead-based assays, respectively. Based on the discus-
sionon WB above, these values likely underestimated the true
specificity and sensitivity of the multiplex assay. The Baye-
sian model confirmed the latter statement on WB and calcu-
lated a lower diagnostic sensitivity but higher diagnostic
specificity for WB compared to the OspC and OspF bead-
based assays. The Bayesian analysis resulted 1n diagnostic
sensitivities of 80% for OspC and 86% for OspF 1n the mul-
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tiplex assay compared to 72% and 80%, respectively, by WB.
The diagnostic sensitivity values of the multiplex assay are
clearly improved compared to the conventional gold standard
approach and better reflect the real diagnostic sensitivity val-
ues because of the improved analytical sensitivity of antibody
detection by multiplex analysis (pg/ml) compared to WB
(ug/ml). The diagnostic specificity of the multiplex assay
using Bayesian analysis was 79% for OspC (WB 92%) and
69% for OspF (WB 77%) which 1s also improved for OspF

and slightly lower for OspC compared to the gold standard
based calculations. One reason for the difference 1n the speci-
ficity values for the OspC assay 1s the greater difference 1n the
cut-oif values for OspC by the two statistical methods apply-
ing a lower cut-off value for OspC 1n the calculation of the
Bayesian approach than for the gold standard analysis.

Gold standard and Bayesian analyses were also used to
establish cut-off values for antibodies to OspC and OspF. For
OspC, the likelihood-ratio analysis suggested a positive cut-
off value of >1000 MFI and the Bayesian approach identified
an even lower cut-off value of 813 MFI. For OspF, the like-
lithood analysis found >1250 MFI as the optimal positive
cut-oif which was almost identical to the 1270 MFI cut-oif 1n
the Bayesian approach. Considering the wide dynamic range
of the multiplex assay that resulted for our sample set in MFI
values of almost 10.000 for OspC and >25.000 for OspF, the
suggested cut-oif values confirmed the wide dynamic range
of this test which allows a detailed quantitative analysis of
antibodies to B. burgdorferi in equine serum. The wide
dynamic quantification range is a considerable advantage of
the multiplex approach compared to currently existing quan-
titative tests such as ELISAs which have a rather narrow
linear quantification range (Wagner and Freer 2009). In our
experience, the most considerable advantage of the increased
linear dynamic range 1s that sera can be used in a single
dilution 1n the multiplex assay and results almost always {it
into the linear quantification range of the assay with the
exception of a very few results that still fall into the upper
plateau of the assay, 1.e. these sera contain very high concen-
trations ol antibodies to the respective B. burgdorferi Osp
antigen.

Current conventional Lyme ELISAs are often based on
whole B. burgdorferi lysates and do not distinguish between
infection and vaccination. These assays bare the risk of non-
specific cross-reactivity to common bacterial components 1n
the lysate mixture (Lindenmayer et al. 1990, Shin et al. 1993,
Jacobson et al. 1996). Thus 11 positive, these assays need a
second confirmatory test, such as a qualitative WB. In situa-
tions where quantification of antibodies 1s required, for
example to determine the success of antibiotic treatment 1n
horses with Lyme disease, testing always required two tests:
first, a quantitative ELISA to confirm the antibody decrease
and a second WB test to confirm that the decrease was specific
for antibodies indicative for Lyme disease. Other on-side
(stick-based tests) or ELISA based tests such as the determi-
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nation of antibodies to C6 were found to correlate well with
infection of horses with the Lyme pathogen (Johnson et al.
2008, Hansen etal. 2010, Maurizi etal. 2010). However, 1t did
not appear that antibodies to C6 were detected earlier or

declined more rapidly than antibodies detected by a conven-
tional B. burgdorferi ELISA (Johnson et al. 2008).

Both, WB and the new multiplex Lyme assay can distin-
guish between antibodies that resulted from natural infection
with B. burgdorferi and those developed after vaccination.
The latter response 1s characterized by high values for anti-
bodies to the OspA antigen of B. burgdorferi as frequently
described 1in humans, laboratory rodents, dogs (Fikrig et al.
1990, Schaible et al. 1990, Jacobson et al. 1996, Wittenbrink
ctal. 1996, Wieneke et al. 2000, Topier and Straubinger 2007)
and also 1n horses (Chang et al. 2000b). Approved Lyme
vaccines for use 1n horses currently do not exist. Thus, vac-
cines for dogs are sometimes used for horses that are housed
in areas where Lyme disease 1s endemic (Divers 2009). The
absence ol an approved vaccine explains the overall low
numbers of OspA positive equine sera (43 out of 562) 1n our
sample set. The Bayesian model could not be performed on
this data set for antibodies to OspA because the prevalence of
antibodies to Osp A between the two groups was similar. This
1s not surprising because vaccination can be performed at any
time and does not necessarily follow seasonal peaks like
infection with B. burgdorferi which depends on the occur-
rence of infected ticks in the environment. For vaccinated
horses housed 1n endemic areas the quantitative evaluation of
vaccination titers 1s valuable information that can direct the
decision to re-vaccinate or not for preventing Lyme disease 1in
these horses. The new multiplex assay 1s the first available test
that quantifies antibody responses to the vaccination marker
OspA and 1s also able to distinguish host responses to vacci-
nation from those to infection. Vaccine responses can either
be characterized by antibodies to OspA only or to OspA and
OspC depending on the vaccine used. OspF 1s not included
into currently available vaccines and thus remains a marker
for infection even 1f the horse was vaccinated.

In summary, the use of two statistical approaches to vali-
date the new Lyme multiplex assay for horses resulted 1n
similar cut-oil and diagnostic sensitivity and specificity val-
ues for the mfection markers OspC and OspF. The analysis
also resulted 1n the first diagnostic sensitivity and specificity
evaluation of WB, the traditional gold standard for the analy-
s1s of antibodies to B. burgdorferi. The overall performance
of the multiplex assay showed that 1t 1s a valuable test with
likely improved analytical and diagnostic sensitivity com-
pared to WB. The new Lyme multiplex assay for horses
provides a valuable, quick, sensitive and quantitative tool for
the detection of antibodies indicative for infection with and/or
vaccination against Lyme disease 1n horses.

While the invention has been described through illustrative
examples, routine modifications will be apparent to those
skilled 1n the art, which modifications are intended to be
within the scope of the invention.
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Thr

170

Thr

AgSh

Ser

ASpP

Ser

250

ASp

Leu
10

Gly

Leu

2la

2la
Q0

ITle

Ser

ASDP

Val

75

Ser

Glu

ATrg

sSer

155

Leu

Leu

ASpP

Gly

Leu

235

Asnh

Glu

Met

Agnh

Thr

Val

Ala

75

Asnh

-continued

Leu Ala Leu Ile

Asn

Lys

60

Leu

ASpP

Thr

Glu

Ala

140

Gly

Thr

Ser

Thr

Thr

220

Val

Gly

Tle

Thr

Thr

Glu

Lys

60

ITle

ATYg

Ser

Glu

45

Leu

Glu

Asp

Leu

Lys

125

Asp

Ala

Asp
205
ser

Phe

Thr

Leu

Ser

Tle

45

Glu

Gly

AsSn

Val

30

Glu

Gly

Leu

Val

110

Phe

Gly

Ala

Glu

Agn

190

Ser

Thr

Thr

Agn
270

Phe

Ala
30

Ser

Val

Glu

15

Ser

Agn

Leu

Val

Gly

o5

Ser

Agn

Thr

Lys
175

Ile

Ser

Leu

Leu
255

2la

Leu
15

Agn

Glu

Ser
o5

US 8,946,393 B2

2la

Val

Lys
80

Gln

Glu

Glu

160

Thr

Ser

Ala

Thr

Glu

240

Glu

Leu

Phe

Ser

b2la

Ile
80

Leu

28



Leu

Leu
145

Leu

Ala

2la

Leu

Cys

130

Gly

ala

Ser

Agn

Lys
210

Gly
Agn
115

Ser

Ile

Agn

Gly

Ser

195

Pro

Ala
100

Gly

Glu

Gln

Ala

Ser

180

Val

Ser

Glu

Gly

Ala

165

Leu

<210> SEQ ID NO 3

<«211> LENGTH:

<212> TYPE:

<213>

PRT

ORGANISM:

<400> SEQUENCE:

Met Asn Lys Lys

1

Ser

ASP

Asn
65

Glu

Ser

Phe
145

Gly

Thr

Lys
225

Cys

Leu

Lys
50

Glu

2la

Lys

130

Glu

Hig

ala

ASp

Tle
210

Lys

Lys

Glu
35

Gln

Leu

Tle

ASP
115

Glu

ATg

Agn

Ser
195

ASP

Glu

Agn

20

Ser

Val

ASP

Glu

Glu

100

Leu

Glu

Phe

Ala

Ser
180

Agn

Glu

<«210> SEQ ID NO

2277

B.

3

Ser

Glu

Thr

Lys

85

Glu

Glu

Glu

Gly
165

Leu

Glu

Glu

Thr

Glu

Phe

Val

150

Gly

Glu

Glu

Phe

Ala

Glu

Gly

Lys

70

Leu

ASpP

ATrg

Gly

150

AsSn

Gly

Leu

Leu

29

Tle

Gly

Ser

135

Thr

Ser

Leu

Tle

Thr

Gln

Phe
55
Glu

Asp

Leu

Lys
135
Gln

Gln

Leu

bAla

Lys
215

Ser

Leu

120

Thr

ASP

ASP

Leu

Thr
200

burgdorferi

Tle

Ser

Agn
40

Leu

Ile

Ser

Leu
120

Val

Gly

Gly

Agn
200

Agn

Thr
105

Glu

Ser
185

Ser

Lys
25

Val

Glu

Glu

Gln
105

Ala

Gly

Ser

Val
185

Thr

Leu

Glu

Leu

Agn

Gly

170

Pro

2la
10

ASp

Tle

Lys

50

Tle

Gly

Leu

Ser

Ile
170

Ser

Val

Tle

ITle

Ala
155
Val

Ala

Val

Val

Leu

Leu
ATYg
75

Thr

Leu

Glu

Ala

155

Gly

Tle

Glu

-continued

Thr Gln Lys

ITle

ASD

140

Glu

Ala

Val

Phe

Glu

Thr

Glu

60

Ile

Ser

Glu

Glu

ASD

140

Thr

Ala

Ser

ASD

AsSn
220

Ala
125

AsSn

Glu

Ala
205

Ala

Gly

Glu

45

Thr

Gln

ITle

Asp

125

Ala

Gly

Gln

Ser

Asp
205

AsSn

110

Ala

His

Ala

Leu

Glu

120

Glu

Leu
Ala
30

Gln

Glu

Glu

Leu

110

Ser

Val

Ala

Ser
190

Ser

Gly

Leu

2la

2la

Ile

Glu

175

Met

Ser

Tle

15

Val

Glu

ASP

Leu

Thr

55

Leu

Thr

Trp
175

Thr

Tle

Glu

US 8,946,393 B2

Ser

Gln

Leu

160

Leu

Pro

Tle

Gln

Ile

Leu

Lys
80

Thr
160

Gln

Gly

Val

30



31

<211l> LENGTH: 29
<212> TYPE: DHNA
<213> ORGANISM: B. burgdorferi

<400> SEQUENCE: 4
cgcggatcca tgaaaaaata tttattggg

<210> SEQ ID NO b5
<211> LENGTH: 32

<212> TYPE: DNA
<213> ORGANISM: B. burgdorferi

<400> SEQUENCE: b5

ggcggtacct caagttgaag tgcctgaatt cc
<210> SEQ ID NO o

<211l> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: B. burgdorferi
<400> SEQUENCE: 6

cgcecggatcect cttgtaataa ttcagggaaa g
<210> SEQ ID NO 7

<211l> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: B. burgdorferi

<400> SEQUENCE: 7

ggcggtacct caaggttttt ttggactttce tgc

<210> SEQ ID NO 8
<211> LENGTH: 29
«212> TYPE: DNA

<213> ORGANISM: B. burgdorferi
<400> SEQUENCE: 8

cgcggatceccg agacgaaaga tttgaataa
<210> SEQ ID NO 9

<211> LENGTH: 30

<212> TYPE: DHNA

<213> ORGANISM: B. burgdorferi
<400> SEQUENCE: ©

ggcggtacct tattcecttttt tgacttctcec

<210> SEQ ID NO 10

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: B. burgdorferi

<400> SEQUENCE: 10

atgaaaaaga atacattaag tgc
<210> SEQ ID NO 11

<211l> LENGTH: 27

<212> TYPE: DHNA

<213> ORGANISM: B. burgdorferi

<400> SEQUENCE: 11

ttaaggtttt tttggacttt ctgccac

US 8,946,393 B2

-continued

29

32

31

33

29

30

23

277

32



<210> SEQ ID NO 12
<211> LENGTH: 29

«212> TYPE:

DNA

33

<213> ORGANISM: B. burgdorferi

<400> SEQUENCE: 12

atgaataaaa aaatgtttat tatttgtgc

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 13
LENGTH: 21

TYPE :
ORGANISM: B. burgdorferi

DNA

SEQUENCE: 13

Ctattctttt ttgacttctc ¢

<210> SEQ ID NO 14

<211> LENGTH:
«212> TYPE:

822
DNA

<213> ORGANISM: B. burgdorferi

<400> SEQUENCE: 14

atgaaaaaat
gttagcagcc
cttgtaagca
cttgagctta
gctgacaaaa
gttttcaaag
tcaacagaag
gacggaacca
gttttaaaag
aaagaaggaa
cttaatgaca
tcaactttaa
aacacaatta
gaaattacaa
<210>
<21l>
<212>

<213>

<400>

atttattggg

ttgacgagaa

dadaddaddad

aaggaacttc

gtaaagtaaa

aagatggcaa

aaaaattcaa

gacttgaata

gctatgttct

ctgttacttt

ctgacagtag

caattactgt

cagtacaaca

aacttgatga

SEQ ID NO 15
LENGTH :
TYPE :
ORGANISM: B. burgdorferi

222
PRT

aataggtcta

aaacagcgtt

caaagacggc

tgataaaaac

attaacaatt

aacactagta

tgaaaaaggt

cacaggaatt

tgaaggaact

aagcaaaaat

tgctgctact

aaacagtaaa

atacgactca

aattaaaaac

atattagcct

tcagtagatt

aagtacgatc

aatggatctyg

tctgacgatc

tcaaaaaaag

gaagtatctg

aaaagcgatyg

ctaactgctyg

atttcaaaat

aaaaaaactg

aaaactaaag

aatggcacca

gctttaaaat

US 8,946,393 B2

-continued

taatagcatg

tgcctggtga

taattgcaac

gagtacttga

taggtcaaac

taacttccaa

aaaaaataat

gatctggaaa

ddadaacaac

ctggggaagt

cagcttggaa

accttgtgtt

aattagaggyg

ada

taagcaaaat

aatgaaagtt

agtagacaag

aggcgtaaaa

cacacttgaa

agacaagtca

aacaagagca

agctaaagag

attggtggtt

tttagttgaa

ttcgggcact

tacaaaagaa

gtcagcagtt

Met Lys Lys Tvyr

1

Cvs

ASp

ASP

Gly

65

Ala

Lys

Leu

Gly

50

Thr

ASpP

Gln

Pro
35

Ser

ASh
20

Gly

ASP

Ser

SEQUENCE: 15

Leu
5

Val

Glu

Asp

Leu

Ser

Met

Leu

ASh

70

Val

Gly

Ser

Ile
55

Agnh

Tle

Leu

Val

40

2la

Gly

Leu

Gly

ASP

25

Leu

Thr

Ser

Thr

Leu
10

Glu

Val

Val

Gly

Tle

ITle

Ser

ASDP

Val
75

Ser

Leu

Agnh

Lys
60

Leu

ASpP

Ala

Ser

Glu
45

Leu

Glu

Asp

Leu

Val
30

Glu

Gly

Leu

Tle
15

Ser

Agn

Leu

Val

Gly

Ala

Val

Lys
80

Gln

29

21

60

120

180

240

300

360

420

480

540

600

660

720

780

822

34



Thr

Leu
145
Val

Thr

Ala

Thr

Val

Gly

130

Glu

Leu

Leu

Ser

Thr
210

Leu

Thr
115

Glu

Val

Gly
195

Glu
100

Ser

Val

Thr

Gly

Val

180

Glu

85

Val

Ser

Gly

Tyvr

165

Val

Thr

<210> SEQ ID NO 1o

Phe

ASP

Glu

Tle

150

Val

Glu

Leu

Ala

35

Lys

135

Leu

Gly

Val

Ala
215

Glu

Ser

120

Tle

Ser

Glu

Thr

Glu

200

Trp

ASDP
105

Ser

Tle

ASP

Gly

Val

185

Leu

ASn

50

Gly

Thr

Thr

Gly

Thr

170

Thr

Agn

Ser

Glu

Arg

Ser

155

Leu

Leu

ASDP

Gly

-continued

Thr

Glu

Ala

140

Gly

Thr

Ser

Thr

Thr
220

Leu

Lys
125

Asp

Ala

Asp
205

Ser

Val

110

Phe

Gly

Ala

Glu

Agn

120

Ser

Thr

55

Ser

Agn

Thr

Lys
175

Tle

Ser

US 8,946,393 B2

Glu

Glu
160

Thr

Ser

2la

<«211> LENGTH:
<212> TYPE:

636
DNA

<213> ORGANISM: B. burgdorferi

<400> SEQUENCE: 16

atgaaaaaga

aattcaggga

aatcttacag

gaggttgaag

aaaaacgatyg

tatacaatat

aaggaaaaga

aatcatgcac

aaagcaaatyg

ttagaaagct

agccctgttyg

atacattaag

aagatgggaa

aaataagtaa

cgttgctgtce

gtagtttaga

caaccttaat

ttgccgcagc

agcttggtat

cagcgggtaa

tatcaaaagc

tggcagaaag

«210> SEQ ID NO 17

<211> LENGTH:
«212> TYPE:

194
PRT

tgcaatatta
tacatctgca
aaaaattacg
atctatagat
taatgaagca
aacacaaaaa

taagaaatgc

acagggcgtt
agataagggc
agctaaagag

CCccaaaaaaa

<213> ORGANISM: B. burgdorferi

<400> SEQUENCE: 17

atgactttat

aattctgcty

gattctaatg

gagcttgcta

aatcgcaacyg

ttaagtaaat

tctgaagagt

actgatgaaa

gttgaagaac

atgcttgcta

ccttaa

Ctttatttat

atgagtctgt

cggttttact

aagctattgg

agtcattgtt

taaacggatc

ttagtactaa

atgcaaaaaa

ttgaaaagtt

attcagttaa

atcttgtaat

taaagggcct

tgctgtgaaa

Caaaaaaata

agcaggagct

agaaggttta

actaaaagat

agctatttta

gtccggatca

agagcttaca

ser Cys Asn Asn

1

ASp

Thr

Glu

ASpP

Leu Ser

50

Asn Asp

65

Ser

Ser
35

Ser

Gly

Val
20

Agn

Ile

Ser

2la

Asp

Leu

Gly

Gly

Val

Glu

ASpP
70

Pro

Leu

Leu

55

Asn

ASP

Agn

Leu

40

Ala

Glu

Gly

Leu
25

Ala

Ala

Agn

10

Thr

Val

ala

Agn

Thr

Glu

Ile

Arg
75

Ser

Tle

Glu

Gly

60

AsSn

Ala

Ser

Val
45

Glu

Agn

Lys

30

Glu

Ser

Ser
15

2la

Ile

Leu

Ala

Tle

Leu

Leu
80

60

120

180

240

300

360

420

480

540

600

636

36



Ala

Leu

Gly

Ala

145

Ser

Asn

Lys

<210>
<211>
<212 >
<213>

<400>

Gly

Agn

Ser

Ile

130

Agn

Gly

Ser

Pro

Ala

Gly

Glu

115

Gln

Ala

Ser

Val

Ser

100

Glu

Gly

Ala

Leu

Lys
180

SEQUENCE :

Thr

85

Glu

Phe

Val

Gly

Glu

165

Glu

SEQ ID NO 18
LENGTH :
TYPE: DNA

ORGANISM: B. burgdorferi

684

18

Tle

Gly

Ser

Thr

Lvs

150

Ser

Leu

37

Ser

Leu

Thr

Asp

135

Asp

Leu

Thr

Thr

Lys
120

Glu

Ser

Ser

Leu

Glu
105

Leu

Agn

Gly

Pro
185

Tle
90

2la

Val

2la

170

Val

Thr

Ile

ASp

Glu
155

Ala

Val

-continued

Gln Lys Leu Ser

Ala

Asn
Lys
140

Glu

Ala

Ala

His

125

Ala

Leu

Glu

Glu

Ala

110

Ala

Ile

Glu

Met

Ser
190

o5

Lys

Gln

Leu

Leu
175

Pro

US 8,946,393 B2

Leu

Leu
160

Ala

atgaataaaa

tatgcaacta

gtaaaaaaaa

acgaaagatt

gaaaaaatag

gaaaaactaa

aagggacttyg

gctaagaaga

gggcatagag

ttggggttgg

aaagttatag

aatggagaag

aaatgtttat

gtaaagattt

cagaacaaga

tgaataaatt

aaaaattaga

aacaaataaa

aagatagctt

aatttgaaga

ctggaaatca

gtgtaagtta

atgattcaat

tcaaaaaaga

<210> SEQ ID NO 19

<211> LENGTH:
<212> TYPE:

168
PRT

tatttgtgct

adaagydgyca

gataaaaaaa

ggatacaaaa

ttctaaaaaa

agaaaaattyg

dddadadddadda

gtttaaagga

aggtagtatt

ttctagtagt

taaaaagatt

ataa

<213> ORGANISM: B. burgdorferi

<400> SEQUENCE: 19

gtttttgcgt

gtgcaagatt

caagttgaag

gagattgaaa

acttctattg

aaaggaaagg

aaagaggaaa

caagttggat

gggdcacaad

actggtactyg

gatgaagagc

tgataatttc

tagaaagttc

gatttttaga

aacgaattca

aaacatattc

cagatcttga

gaaaaaaagc

ccgcegactgyg

cttggcagtg

atagcaatga

ttaaaaatac

ttgcaagaat

agaacaaaat

aattctagag

agaattaaag

tgagtatgaa

agataaatta

tttagaagat

agtaactacc

tgctaatagt

attggcaaac

tatagaaaat

Glu Thr Lys Asp

1

Tle

Ser

Glu

Glu

65

ASp

Gln

Tle

Lys

50

ASp

2la

Glu

Glu

35

Leu

Ser

Leu

20

Thr

Lys

Leu

Agn

Glu

Ser

Lvs
70

Phe

Glu

Ala
55

Glu

Leu

Tle

Tyr
40

ASP

Glu

ASDP

Glu

25

Glu

Leu

Glu

Phe

Thr
10

Glu

Glu

Glu

Leu

ASDP

Arg
75

Gly

Glu

ASDP

Leu

Lys

60

Gln

Tle

Ser

Lys

45

Leu

Vval

Glu

Lys
30

Gln

Ala

Gly

Lys

15

Tle

Gly

Leu

Ser

Arg

Thr

Leu

Glu
80

Ala

60

120

180

240

300

360

420

480

540

600

660

684

38
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39

40

-continued

85 50

Ala
105

Thr Thr Asn

100

Thr Gly Val Gly His Arg Gly

Ala Gln Leu

115

Gln Asn Serx

120

Ala Trp Cys Ala Gly

125

Ala
140

Ser Ser Thr Ser Asn Glu Leu

130

Ser Gly Thr Asp

135

Asp Ser Ile Glu Glu

145

Asp Lys Ile

150

ASP Leu Lvys

155

Val Glu

165

Asn Asn Gly Glu Lys Lys

We claim:

1. A composition comprising a combination of Borrelia
burgdorferi (B. burgdorferi) outer surface proteins, wherein
the proteins are the only B. burgdorferiproteins in the com-
position, wherein the proteins comprise the sequences of SEQ)
IDNO: 15, SEQIDNO: 17, and SEQ ID NO: 19, wherein the
proteins are covalently attached to a solid matrix, wherein the
composition 1s suitable for use in determining vaccination
against B. burgdorferi , early B. burgdorferi infection, inter-
mediate B. burgdorferi infection and late B. burgdorferi

Gln Gly Ser
110

Leu Gly Val

Asn Lys

2sn Thr

20

25

55

Ile Gly

Ser
ITle

Val

Glu
160

Tle

infection, wherein the early infection 1s 2 to 6 weeks old,
wherein the intermediate infection 1s from 6 weeks to 3
months old, and wherein the chronic infection 1s present for
more than 5 months.

2. The composition of claim 1, wherein the solid matrix
comprises fluorescent beads.

3. The composition of claim 1, wherein the solid matrix 1s
present 1n a lateral tlow device.
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